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Abstract 
This study determines the effects of silver 
nanoparticles (Ag Np’s) on stem cell cell cycle gene 
expression and self-renewal. Mouse embryonic stem 
cells were exposed to Ag Np’s and subjected to western 
blotting to determine how the responses of cell cycle 
checkpoint proteins P53, SirT1, and Rb and stem cell 
factors Oct-4 and Nanog differ from their normal 
function. The results showed that Ag Np’s upregulated 
P53 and SirT1 and induced Rb desphosphorylation 
causing cell cycle arrest. They also caused post-
transcriptional protein modifications to Oct-4 and Nanog 
suggesting loss of pluripotency and differentiation. 
 
Introduction 
Ag Np’s are highly reactive due to a high surface 
area to weight ratio, which is applied in biological, 
medical, and commercial use. Ag Np’s can be used for 
targeted drug delivery and as an antibacterial in medical 
equipment and  manufactured products such as bedding 
and toothpaste. Despite their beneficial uses, Ag Np’s  
can produce toxic effects to mammalian cells through 
oxidative stress, DNA damage, or induction of reactive 
oxygen species (ROS). Ag Np’s can modulate gene 
expression and pass  the blood-brain barrier to cause 
neurological disorders. Toxicity effects of Ag Np’s on 
cell cycle and self-renewal stem cell factors is relatively 
unknown. To study these effects, mouse embryonic stem 
(MES) cells were cultured at 37̊C and 10% CO2. 5 
µg/mL and 50 μg/mL of coated and uncoated Ag Np’s 
were introduced, and the cells were harvested after 
exposure for 2, 4, 6, 8, 12, 24, 48, or 72 hours. MES 
cells were lysed with RIPA buffer and subjected to 
western blotting with a specific monoclonal antibody.  
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  Figure 1: Flow cytometry analysis indicates that  Ag    
  Np’s active the cell cycle checkpoint and promotes cell  
  cycle arrest at G1/S. 
 
 
   
 
 
 
  Figure 2:  ROS production increases in MES cells after  
  exposure to Ag Np’s.  
 
 
 
 
 
    
  Figure 3: Ag Np’s up-regulate and activate the  
  P53 and SirT1 proteins. In response to increasing P53  
  levels, the SirT1 gene is activated and serves as a  
  survival factor.  
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
  Figure 4. Ag Np’s induce Rb dephosphorylation and  
  cause cleavage of a 5 kDa fragment associated with  
  apoptosis. 
 
 
 
 
 
   
  Figure 5: Ag Np’s induce Oct-4 protein degradation    
  through ubiquitnation modification of the Oct-4 factor. 
 
 
 
 
    
  Figure 6 : Nanog undergoes dephosphorylation  
  after Ag Np induction. 
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